Introduction
Patients discharged from hospital after cardiac decompensation due to heart failure are often re-admitted to hospital within the first months [1] [2] [3] . It is known that most readmissions could be avoided -especially those within the initial period after discharge [4] . Home monitoring is one of the promising approaches, but several studies conducted within the last 10 years lead to ambiguous results concerning costs, hospitalization and overall outcome [5] . Despite a reduction of the re-hospitalisation rate by 50% one of our previous studies [6] revealed a high number of false positive alarms [7] . Therefore, either alarm generation algorithms need to be optimized, or additional sensors should be included in order to provide more reliable predictions. One typical symptom heralding imminent cardiac decompensation in right-sided heart failure are leg oedemas. In a previous work [8] we developed a 3D imaging based leg oedema detector. Initial results indicated that the selection of the right oedema related parameters from the 3D images is essential. The present paper compares several such parameters in terms of accuracy.
Methods
Nine points (A-F, I and K) were marked with permanent markers on the patient's skin and two points (G and J) were extracted from 3D images (see Fig. 1 ). From these 11 points, five different oedema related parameters d1-d5 were calculated. Parameters were selected in order to analyse, a) if there are points at the forefoot (K, J) which raise significantly due to leg oedemas, b) whether reference points on the scales (d2 and d3, easy to extract from images) are more stable than reference points on the patient's foot (d1, less sensitive to foot movements), and c) if and where the curvature of the lower leg changes due to the swelling of the legs (at points F-I). A semi-automated method was used for extraction of the coordinates of all points and of parameters d1-d5 from the 3D images: Therefore, the 3D images were loaded and 2D colour images -taken at the same time -were laid over the 3D illustration. Thereafter, the points of interest were manually selected within the image. Finally, from the manually selected point, distance and curvature parameters as described above were calculated. In a clinical study conducted at the Medical University of Graz, patients with leg oedemas due to heart failure were monitored during their in-clinic stay after acute cardiac decompensation. Once per day 3D images of the legs were taken and changes of parameters extracted from these images were correlated with changes of two reference values: a) body weight, and b) foot circumference measured at 5 different locations (frontal surface through K and horizontal surfaces through E, F, H and I). 
Results
Data from 14 consecutive patients with leg oedemas were recorded. Out of these 14 patients, 5 patients were excluded (3 since measurements could only be performed on one single day; 2 could not rise from the sitting position during data acquisition). For the remaining 9 patients, 3D images, body weight and leg circumference were recorded each day (total 45 measurement sessions) and changes of parameters d1-d5 were correlated with changes of body weight and leg circumference (see Table 1 ). Highest correlation was found in between mean instep height (d2+d3)/2 and body weight (correlation coefficient r = 0.58). Correlation was higher for distances measured to the surface of the scales than for distances measured to a surface from points situated on the patient's foot (BCD).
No correlation in between the curvature of the foot 1-8 cm above the ankles and neither body weight nor leg circumference could be found. Curvature 1-17 cm above the ankles, correlated with leg circumference (r = 0.43) but hardly with body weight (r = 0.15). Fig. 2 plots mean instep height changes over body weight changes. 
Discussion
Our results indicate that some geometric parameters extracted from 3D images of the legs correlate well with other oedema related parameters, like body weight. Up to now, geometric parameters were extracted in a semi-automated way. Some additional effort will be necessary to implement this procedure using a fully automated algorithm. Body weight and leg circumference were used as reference values. Correlation with leg circumference was weaker for most parameters, probably due to the influence of socks and other foot wear on oedema distribution -leading to extrusion of fluid in the one region, i.e. the lower region, and accumulation in others (above the socks). Body weight, on the other hand, is likely to be influenced by several additional factors, not being related to oedema. So far, the system has only been used for monitoring of patients after cardiac decompensation -while they were treated in hospital. While in the present paper we analysed, which parameters perform best in terms of oedema detection, in [9] we described, what kind of adaptions would be necessary in order to apply this concept to real-life home monitoring of heart failure patients. Nevertheless, prospective studies in a real life scenario will be needed in order to analyse, whether the system will be capable to detect leg oedema early and accurately enough.
